Purpose: Although medical curricula are now better structured for integration of biomedical sciences and clinical training, most teaching and learning activities still follow the older teacher-centric discipline-specific formats. A newer pedagogical approach, known as Collaborative Learning Cases (CLCs), was adopted in the medical school to facilitate integration and collaborative learning. Before incorporating CLCs into the curriculum of year 1 students, two pilot runs using the action research method was carried out to improve the design of CLCs. Methods: We employed the four-phase Kemmis and McTaggart's action research spiral in two cycles to improve the design of CLCs. A class of 300 first-year medical students (for both cycles), 11 tutors (first cycle), and 16 tutors (second cycle) were involved in this research. Data was collected using the 5-points Likert scale survey, open-ended questionnaire, and observation. Results: From the data collected, we learned that more effort was required to train the tutors to understand the principles of CLCs and their role in the CLCs sessions. Although action research enables the faculty to improve the design of CLCs, finding the right technology tools to support collaboration and enhance learning during the CLCs remains a challenge.
Introduction
Feedback of student A: I learned basic medical sciences in year 1 and year 2. I found some of the subjects difficult to understand and overloaded with facts. Due to time constraints and the competing demands of many subjects, I decided to rehearse and memorise the lecture notes and model answers handed down from my seniors.
I knew I will be rewarded by reproducing well- streamlined and educational approaches were made more systematic by focusing on biomedical sciences in the early years and clinical learning in the later years of medical training [1] . This further evolved into a more discipline-specific teaching in anatomy, physiology, biochemistry, pharmacology, and pathology in the early years of medical education. After completing the biomedical science years, medical students typically progress to clinical training in hospitals or family medicine or primary care settings. This division between the biomedical sciences and clinical training has widened over the years and has led to memorisation and an exam-centric approach to learning biomedical science concepts and constructs. Students also report a poor foundation in the biomedical sciences and the inability to apply basic concepts to clinical practice [2] , leading to a poor understanding of clinical medicine and practice.
The major weaknesses identified in this approach include poor integration, content overload without sufficient time to critically evaluate and discuss the biomedical content as well as teacher-centric, discipline-specific, and mostly didactic teaching pedagogies [2] .
Several learning pedagogies have arisen in an attempt to foster better integration and application of the biomedical sciences content, including problem-based learning (PBL), team-based learning, and case-based learning (CBL) [3] [4] [5] . PBL was introduced as a teachinglearning method in Yong Loo Lin School of Medicine, National University of Singapore (NUS Medicine) in 1997 and modified to 'case based learning' sessions in 2008 with a focus on application of biomedial science content that has been learned to clinical scenarios [6] .
However, as pointed out by Kirschner et al. [7] , the school found that the pedagogical approach overwhelmed the novice learners who lack of proper schema to work with under minimal guidance and 'summary' sessions, which were mainly didactic, were needed to fill in the gaps.
As part of the ongoing continuous quality improvement process, NUS Medicine reviewed the curriculum in 2014, including the CBLs, in order to integrate more effective learning pedagogies into the design of the learning events. Taking into consideration the increasing number of medical students and the importance of promoting self-directed and deeper learning, the school took a systems design approach in reviewing and aligning all teaching events to optimise learning. Lectures, tutorials, simulation, and practical sessions were aligned with 'capstone' sessions. These 'capstone' sessions were a modification of the case-based learning sessions. The key pedagogical principles involved in the design of these 'capstone session' were (1) the need to scaffold knowledge in a way that will empower novice students to apply knowledge to understand clinical problems and (2) Education, University of Cambridge [8, 9] .
Before carrying out the actual CLC sessions, we conducted two pilot runs using an action research methodology. This was done to improve the design of the learning environment for the implementation of the CLCs, including the use of technology. Studies have highlighted the difficulty of optimising the use of technology in learning environments [10] [11] [12] [13] . This action research will help educators find meaningful technological tools to support student learning during the CLCs.
Methods
A class of 300 first-year medical students (for first and second cycles), 11 tutors (first cycle), and 16 tutors (second cycle) were involved in this research. We employed the four-phase Kemmis and McTaggart [14] action research spiral (Fig. 2) in the two cycles to improve the CLCs approach [13] .
Plan: improvements were planned Act: improvements were implemented Observe: observation data were collected, analysed and Students were given pre-reading materials 2 weeks prior to the session to activate their prior knowledge.
The actual classroom case discussion was 2 hours in duration. During the in-class case discussion, students discussed the case and answered the prompting questions. This is to activate their prior knowledge and apply the newly learned knowledge in solving a case.
The facilitator scaffolded when necessary and summarised the key learning points by linking them to the outcomes of the case and clarified any unresolved queries or gaps in knowledge.
At the end of the session, a post-test was administered to identify misconceptions or gaps amongst the students.
The overall CLCs implementation flow is depicted in 
Observation methods
In the observation phase of the action research cycle, both quantitative and qualitative data collection methods were used to evaluate students' and tutors' experience of the implementation of CLCs. To date, two pilot runs of CLCs have been executed. In each pilot run, quantitative data were collected from students' and tutors' evaluation questionnaires using a 5-point Likert scale to explore their experiences in CLCs. Both questionnaires consist of eight questions which covered content, concept, user evaluation of e-learning system in higher education and discussion among the tutors and stakeholders [16] .
The questionnaires were administered for both pilot runs after the CLCs sessions. The analysis of the questionnaires was a simple descriptive data.
Qualitative data was obtained from the following sources: (1) questionnaires. All the qualitative data were collated and analysed.
3. Action research cycle 1
1) Plan and act
The first CLCs pilot run was carried out as described in the planning and acting phase of CLCs section.
2) Observe
Positive responses were received from both students'
and tutors' questionnaires (Table 2) Clearly, technological tools were not that helpful in the first cycle of CLCs. In fact, some students and tutors raised that the technological tools were distracting the whole learning process. In addition, students' and tutors' observation data also revealed that the use of technology impeded collaboration as shown in the following.
Fig. 4. An Example of Learning Catalytics Interface
"'More group discussion should be emphasised as many of us just spent time typing on our computers instead of discussing." (Student's feedback)
"'Most (students) were obsessed with typing answers to the questions rather than actual discussion; copying and pasting answers and even links to the answers instead of learning to paraphrase or assimilate." (Observers note)
Apart from giving us an insight of the evaluation
questionnaire, the open-ended questions also highlighted certain issues for improvement, such as group arrangement.
"'Maybe it would be better to stick with our clinical group. This is because we know our clinical group mates'
working style better and more comfortable discussing." 
3) Reflect
Generally, the feedback from the tutors and students were encouraging. However, the technology tools used during the sessions turned out to distract rather than enhance collaboration and learning. This observation
was consistent with what others had found [8] . This issue had to be resolved in the next cycle with proper integration. Similarly, pre-reading materials did not assist much in CLCs session due to its lack of accessibility. Giving training to tutors on how to facilitate group discussion was also important as some tutors tended to use a more didactic approach instead of scaffolding learning for the students. Although our initial idea of having a different group arrangement was to allow students to expand their interaction beyond their own clinical groups, it did not work out well as pointed out by Belbin [17] that forming a stable group takes time. Hence, students were having difficulty and trying to figure out their mates' working styles in the first cycle of CLCs discussion in addition to trying to solve a case in a given time frame.
Action research cycle 2

1) Plan
(1) Decrease the use of different platforms and replace with a more user-friendly platform which is 'Learning Catalytics' (Fig. 4) . (2) Emphasise the role of tutors and the importance of scaffolding learning during CLCs were replaced by just one platform which is 'Learning Catalytics' (Fig. 4) . Pre-reading materials were made more accessible for students. In order to promote discussion, we replaced 'bring your own device' by providing iPads for each group. Tutor training was carried out with more emphasis on their roles and scaffolding during CLCs session.
3) Observation
In the second cycle, there were slight changes in students' and tutors' questionnaires. All of the questions in the evaluation questionnaire in cycle 1 remained with additional questions related to technological tools (Table 3) .
Overall, students and tutors were satisfied with the content and organization of the content. Students also felt that the pre-reading materials were useful in preparing them for the session with only 2% of them disagreed with the statement. Tutors' facilitation was well-received by the students which were indicated in their evaluation questionnaires as well as their openended responses as follows ( Table 2) : "Session was too long, too many parts."
"Too lengthy, 1.5 hours will be enough."
Tutors also raised concerns about the time allocated for discussion. Contrary to the students' comments, tutors felt that more time was required for discussion.
"This case has good opportunities to integrate physiology several systems. (It) was rather too rushed."
In terms of technology usage, some tutors and students liked it but others did not. Although not as many issues arose compared to the first cycle, the replacement of 'bring your own device' with iPads to discourage students from focusing on only typing and answering questions was not well-accepted:
"Some students were bored with only one iPad." ( However, this can only be achieved if both tutors discussed the delivery approaches prior to the session.
Last but not least, both tutors and students have to be trained on how to facilitate effectively and how to learn respectively in a technology-enhanced collaborative learning environment.
Discussion
The study showed that the implementation of CLCs at This is consistent with a study by Yang [20] 
